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We wish to point out that within the laboratories of the P. L's, we are very farmiliar 
with all of the rechniques and methods required for carrying out the expenments described 
in this proposal. We also have or can readily obtain all the matenals (e. g., plasmids, 
plant materials) for carrying out the experiments, We are confident that we will be 
successful in carrying out the experiments as proposed, and that we will be =r to extend 
our findings in A. cepa to egriculturally important grain species. We believe that the 
contribution of this work will be far reaching. 
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he general tacilities of the SEction of Biochemistry, Molecular and 
Cell 8iclogy act Cocnell Universicy are available to Dr. Wu. They include 
an amino acid analyzer, a DNA synthesizer, electrophoresis and chromatog=- 
raphy apparatus, preparative and analytic ultracentrifuges, scintillation 
counters, fermenters, a dark room, a cold room, cell culture rooms, etc. A 
F2 laboratery for recombinant DNA work is available (W202-204). 


“ich respect co laboratory space, twelve scientists can be accon- 
rodaced in Dr. Fu's laboratory. He now has five postdoctoral fellows, two 
technicians and fcur graduate students working in his laboratory. 

Fermanent equipment in his laboratory includes a Beckman scintillation — 
counter, a Sorvall RCZB centrifuge, two shared Beckman 175 
ulctcracentrifuges, six Eppendorf centrifuges, four bench top clinical 
centrifuges, on microscope, two CO. incubators, one shaking incubator, two 


shaking water baths, two balances, one shared spectrophotometer, five 
fraction collectors, two evaporators, twelve power supplies, and a number 
of electrephoresis aparati, heating blocks and water baths. 


Collaberative Arrangements: 


In eddition to the personnel directly supported by this grant, we have 
the continuing support and advice of Lr. Ed Wolf, Professor of Electrical 
Engineering and Director of the National Submicron Facility. As co- 
inventor of the particle gun process, Dr. Wolf intends to continue to 
utilize his expertise in sub-micron structures and engineering, to develop 
better versions of the particle gun, and to test new acceleration 
principles. cr. Wolf is presently supporting and directing work to produce 
a more edvanced particle gun research device for use in our labs. Dr. Walf 
and Dr. Sanford have plans to apply to NSF fcr addicitonal funds to study 
engineering aspects of the particle gun (see attached letter). 


Dr. D.B. Walden, Professor of Plane Sciences, University of Western 
Ontario, has agreed to collaborate with us in che studies relating to the 
bombarding of meristematic tissues of corn. He has agre:d ¢5 {instruct us 
in his methods of fleral meristew isolation, culture, ard subsequene in 
vitro pollination. He hes also indicated that he is eager to prepare and 
bombard meristems in his own lab, using our technology, and in collabora- 
tion with us (see attached letter). 


Dr. M. Parthasarathy, Professor of Plant Bleology, Cornell, has agreed 
to collaborate with us in the study of penetration efficiencies and relaced 
cellular damage, using Cornell's SEM and TEM electron microscope facility 


; (see attached letter). A $2,000 user fee is included in the second year's 
budget for this purpose. | 
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Figure 1: 4 ecceleration mezhaniszs for use in particle gun cesign: 
a. Acceleration in an alr stream. 
b. Acceleration by transferred inpulse. 
c. Acceleration by macroprejectile. 
d. Acceleration by electric fields. 
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Figure 2: Crude sketch of particle gun systes currently being fabricated. 
“hig systen includes an easily cleaned, sterilized and loaded, 
electronically-fired gun assembly, a non-sterile vacuua chamber 
for receiving gun discharge gases, 4 sterile vacuums chamber fort 
cellular bombarcment, @ spring-loaced stopping plate, a baffle, 
and a sample platform. | 
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_ 


Several 4 micron tungsten spheres on the surface of an onion 
epidernal cell, following particle gun bombardment. 


* 


4 
A 4 nderon tungeten sphere insice che same cell shown in Figure 
- q : 
4. focusing 20-40 microns below the ceili 6 surface. 
% 


: {de a single living onion 
4 Lericron tungsten spheres ins 
cell (Up to 2§ micro-projectiles have been cbserved in @ 
single living ceil.) 


- roprojectiles.- 
Moet celis in & bonbarded area contain 1-10 sicroproj 


2 
More then 902 of che cells in a 1 cm ate’ contain epheres - 
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A 1.8 wicron tungsten sphere inside @ Living epidermal cell of a 
bombarded cotyledon of rice. 


A 1.5 micron tungsten sphere insice @ living epidermal cell of a 
bombarded cotyledon cf wheat. 


four microm tungsten spheres fluoresce brightly when ccacted 
with DNA and stained with DAFT (uncoated spheres do not 
fluoresce). | 


THV viral inclusion body crystals in onfon cells, following 


_bombardzent, seen in clusters of distinctive hexagenel plates 


2-10 wicrone in diameter. 
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on.is very high, 
Survival rates of onion cells after penetration, 


Esgure it} except when penetrated by an excessive nusber of particles. 
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igeure L3: Cal assay autor ediograph. First lane is bacterial control, 
with very strong CAT activity. Lanes 2 and 3 are negative 
conzrels representing unbombarded onion, end onion bombarded 
with pUC 13 control plasmid. Lanes & and 5 are extracts 
from onion bombarded with p 358:CAT plesmid. The lower 

. spots are unreacted chicraenp henicol substrate. The upper 

(three) tends are the acetylated forms of the substrate. 
Het oe (bands indicate CAT enzyme activity in extract.) 


ns bombarded with po 25S:CAT clearly heve CAT 
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1,32-diacet cy e4ylorg mphenic C68. 
R-acetyl chicracphenicas 
teacetyl en oranes Pe ofa pm 











— A115 MGA0080510 


Case 1:04-cv-00305-SLR Document 267-7 ~~ Filed 02/02/2006 Page 12 of 25 





UINT ot) 


maetional 
and RES 


Knight Laboratory 
Ithaca. NY 14853 (607)256-2329 


Fepruary 25, 1986 








Office of tne Orrecior 


Prof. Jonn C. Sanford 

108 Hedrick Hall 

Department of Horticultural Sciences 

New York State Agricultural Experimental Station 
Geneva, NY 14456 


Dear Jonn: 


| wish to express my continued excitement and commitment to our 
colleboration on the celivery of foreign substances into living cells using our 
particle gun method. | wes very pleased to make available $10,000 in order 
for this research to proceed with matching state funds. | am pleased to 
inform you that the design of an improved particle gun is now completed with 
the essential specifications we egreed to earlier. With regard to still other 
future improvements for accelerating submicron oarticles, | plan to propose 
to various agencies, NSF in particular, for the continued engineering and 


testing of advanced particle delivery systems. 


it 1s my hope that we will be able to continue to secure complementary 
funding for this research progrom ¢s it evolves. in particular, | am very 
supportive of your present proposal to USDA, and hope that it will be funded. 


in closing, | would like to compliment Or. Ted Klein for his excellent progress 
over the lest year. | think both he enc Nelson Allen have made superdD 
contributions and we are fortunate to have them on this program. 


With best regards, 


Se, Ma, by 


rowerd D.; olf 
Director and 
Professor of Electrical Engineering 
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607/256-4477 


February 25, 1986 


Or. Jonn Sanford 
Geneva Experiment Station 
108 Hedrick Hall, Geneva 


Or. R. Wu 
Biochemistry, Cell and Moleculer Biology 
W201 Wing Hall, Cornell University 


Or. T. Klein 
Geneva Experiment Station 
225 decrick Hail, Geneva 


Dear Ors. Sanford, Wu and Klein: 


I have read through your USDA proposal on the delivery 
of DNA into regenerable tissue of monocots using high- 
velocity microprojectiles and find it both an innovative 
and exciting project. 1 shall be happy to cooperate in the 
project as far es cytological aspects are concerned. While 
I anticipate no changes other than supplies for work that 
might involve light microscopy, an annual fee of $2000 should 
be budgeted for the use of the Flectronmicroscopy facility. 


Sincerely yours, 


§ 


jv. “Ss ee Dos 7 =) 


7 


M.V. Parthasarathy 
Professor of Plant Biology 
Director, EM Facility 


MYP:1g 
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Frofessionael Vita: 
John C. Sanford 


Assistant Professor/Cornell University 


I. Personal Data 


Susinees address: Horticultural Sciences, Hedrick Hall 
Cornell University 
Ceneva, New York 14456 
Telephone: 315-787-2395 


Date of Birch: June 28, 1950 


Ile Education: 


University ols Degrees Dete? Maior: 
‘4mneeota ~ $t. Paul BS 1976 Eorticulture 
Wisconsin - Madison MS 1978 Plant Ereeding/ 
Flant Genetics 
wigconsin ~ Macigon Ph.D. 1980 Plant Ereeding/ 


Plant Genetics 


Current Research 


An isportent gap existe between soleculer and celluler plant biclogy 
versus whole plant blology. Theat gep sust be bridged conceptually and 
physically if breakthroughs on the solecular and cellular levels are going 
to have any relevance to basic and applied prebless on the whole plant 
level. The sain thrust of ny research is to work at the interface between 
solecular genetics and plant breecing, to bridge that gap. My central 
research objectives currently involve a) development of new traneforsation 
technologies and b) methods of genetically engineering plant resistances. 





Publications releting te genetics and bietechnelo 


Sanford, J.-C. and R.E. Eannemaen. 1982. A possible heterotic threshold in 


the potato and {ts implications for breecing. Theoreticel and Applied 
Genetics. 61:151-159. 


Sanford, J.C. and R.E. Hannecen. "1982. Lerge yield differences between 
reciprocal families of Solanum tuberosup. Euphytica 31:l-12. ° 


Sanford, J.C. and K.E. Hannesan. 1982. Interuating of potato haploids and 


epontaneous sexual polyploicization =~ effects on heterozygosity. Am. 
Pot. J. §9:407-414. 


Sanford, J.C. 1982. Pollen etudies using s laser sicrobeem. In D.L. 
Mulcahy and E. Ottavisno (edes.) Pollen: Eiology end Implications for 


Ereecing, Froceecings of the International Sygposiua on Pollen biclogy 
Pe 107-1158. 
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Sanford, J.-C. 1983, Ploidy Manipulations is Fruit Breeding. In J. Janick 


and J.N. Mcore (eds.) Methods tn Fruit Breeciog. Purdue University 
Press, west Lafayette, IN pp, 100-123. 


Sanford, I.€ YS. Cyt. ened E.1. Reitech. 1983. Attempted “ERE 


e 3 

Transfcrmation™ in Lycopersicon eeculentue. Theeretical end Arplied 
eel poe VAS Sit rr ct TAA ARR PRE 

Genetics. 67:5S83-558. 


Sanford, J.C., Chyi, Y.S., end B.l. Reisch. 1984. An atteept to induce 
“egg traneforsation” in Lycopersicon esculentus using irraciated pol~ 
len. Theotetical end Applied Cenetics. 67:553-558. 2 





Sanford, J.C., Chyi, ¥.$., and 8.1. Belech. 1984. <Atteupted “egg 
transforcation” in Zea maya L., using drradieted pollen. Theoretical 
and Applied Genetics 66:269-278. 


Chyi, Y.S., J.C. Sanford, and B.1. Befech. i884. Further ettempts to 
induce “egg traneforsetion” vaeieg irradiated pollen. Thecretical 
Applied Genetics 68:277-283. 
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(Sclanum tuberosum Le). Euphytica 333709-7135- 


canford, J.C., Ke Skubik, acd Bal. Reisch. 1984. Attempted transforustion 
fm topeto end corn, veing incubeticon ef pollen with geconic DNA~ 
Theor. Appl. Genet. 69:571-574. 


Senford, J.C., and $.A. Johneton. 1985. The concept of parasite derived 
resistasce. J. Theor. Eflel. 113:395-405. 


Chyi, Y¥.S. and J.C. Sanford. 1868. “fgg tranefeorsation” induced by ire 


radiated pellen in Nicotiana: @ tre-exasicetion. Theor. Appl. Cenet. 


Secford, J.C. and K.A. Skubik. 1985. Attewpted pollen wediated trasefor= 
mation with Ti-palseids. ie: BD.L. Mulcaby (ed.). Elotechneolegy end 
Feology cf Pollen. Proceedings of Interuaticnsl Symposium. (in prees). 





Simon, C.J. and J.C. Sanford. 168%. Preepects fer pelles cell selection 
for reeistetce to various chemical agents. le: D.L. Mulcehy (ed.). 


Bietechsology end Eeelogy ef Pellen. Proeceecings of Interceticsel 
Symposium. (in press). | 


Kiein, T.M., J.C. Sanford, and E.D. Wolf. 1986. The vee of high-velocity. 


eicroprejectiles for the delivery of foreign eubstacces isto living 
cells. (eubeitred to Science). . 


Crumet, R., S.A. Johnston, and J.C. Sanford. 1886. A demonstraticn of 


pathogen-cerived reeietence eaing E. cold and che phege, QB. 
{eubeitted to Sciecce). 
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Invited Papers 


Sanford, J.C., ¥.S. Chyi, and 8.1. Reiech. 1984. Attempre to elucidate 
the phenceenen of “egg transforuation™ a6 eecdiated by irredflated pol= 
len. Syepoeium on Plant Biotechnology ~ Gene tracefer threugh non- 


creditional swears. ASA national meetings. Nove 25-30, Las Vegas. 
1984. Agronomy Abetracta published by &5A, p-87. , 
Canford, J.C. i985. Regarding early cleies of poellen-wediated transforna- 
rion. Forest end Crop Blotechnology - Progrese end Frospects. April 
18-20, 1988. Syracuse, NeY. Springer Verlag (fa presse). 


FPetectsé Pencing 


1. Particle Gun and Method for Transporting Substences inte Living Celle 
end Tisgeves. | 
Ze 


Methods for Cenetically Engineering Eeaistance to Virvees and Other 
Ferasites. 
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wu, Ray 
153-25-15-6 
CURRICULUM VITAE: Ray su 
BIRTH DATE: Auguse 14, 1928 PLACE OF BIRTH: Peking, China 
BEGRESS?: 8. S. Chemistry, University of Alabama, 1350 
Dh.D. Biochemistry, University of Pennsylvania, 1955 
MORK tor eho ee ces 
8/1S72-present Professor, Section of Bicchemistry, Molecular and Cell 
Eiolegy, Cornell University, Ithaca, NY 
2/1972-8/1972 Visiting Associate Professor, Departmene of Biology and 
Chemistry, MIT, Cambridge, MA 
G/1966-1/1972 Associate Prefessor, Section cf Elochemistry, Melecular 
and Cell Biology, Cornell University, Ithaca, NY 
7/1971-12/1971 Visiting Scientist, MRC Laboratery ef Molecular Biology 
(wich Dr. F.Sanger), Cambridge, England 
9/1965-8/1966 Visicing Investigator, Biochemistry Department (with Dale 
Maiser), Stanferd University, CA 
7/1657-6/1966 Assistant; Associate; Associate Member, Department or 


Biochemistry, Fublic Health Research Institute of the 
City of New Yerk, Inc. 
1955-1957 Caren Runyon Pestdocteral Fellow, Cancer Research (with 
Cr. Efraim Racker), Departmene of Biochemistry, Publie 
Mealth Research Institute cf the City of New York, Inc. 


165 origital research pepers. Contribuced chapters in 11 hooks. 
Cdited four heoks: 
“Recombinant DNA” (hu, K., ed.) Vel. 68 cf Methods ert Cnzymelegy, 
Academic Press, 19793 
"Cenetic Engineering Techniques” (Huang, P.C., Kuc, 1.T., and We, R., 
eds.), Academic Fress, 1582; 
“Recombinant DNA", Part B and Part C (Wu, R., Gressman, L. and 
Moldave, K., eds.), Vel. 100 and Vel. 101 of Methods of Enzymolegy, 
Academic Press, 1983. 


“OROFESSIONAL SOCIETIES AND ORGANIZATIONS: 


american Society of Riological Chemises (1960) | 
American Association for the Advancement of Science (1960) 
American Chemical Seciety (1955) 


HONORS AND AWARDS: 


1984-1987 Member, Board of Sciencific Counselors, National Cancer 
Institute 

1$84-1986 Vermber, Panel ef Scientific Advisors, UNIDO International 
Center for Cenetic Engineering and Biotechnelegy 

‘1}9&3-present Honorary Professership at Fudan University (Shanghai) 

1562, 1983 E. Lilly Research Fellowship Award 

1982:. Flected Fellow, The Chinese Academy of Sciences, Taiwan 

1982 besearch Crant Reviewer, NIH Efochemistry Stucy Section 

1576-1978 Chairman, Section of Biecheristry, Molecular and Cell 
Biology 

1971-1972 wational Science Foundation Senior Postdoctoral Fellowship 

1988-1957 Damon Runyon Postdoctoral Felicw in Cancer Research 
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PUBLICATIONS: (selecred publications between 1g£i1-1985) 


128. ‘Searpulla, &.C., Agnes K.M. and Wu, R. (1981) Isclation and Structure of 
soa Rat Cytochrome c Gene. J. Biol. Chem. 256, 6480-6486. 

130. Deng, G.R. and Wo, R. (1981) An Improved Precedure for Ucilizing Terminal 
sransferase tc Add Homepolyers to the 3' Termini cf DNA. Nucleic Acids 
Res. 9, 4173-4187, 

122. Scarpulla, K.C., Agne, K.M. and Wu, R. (1982) Cytochrome ¢ Cene-Related 
Sequences in Mammalian Genomes. froc. Natl. Acad. Sei., USA 79, 739-743, , 

135. E8rousseau, R., Scarpulla, R., Sung, W., Hsiung, K.M., Narang, S.A. and 
Wu, R. (1$82)-Syncthesis of a Hurman Insulin Gene. VW. Enzymatic Assembly, 
Cloning and Characterization of the Human Proinsulin DNA. Gene 17, 

a 275-289. 


L Roberts, J.W. and ku, R. (1982) Transcripcien Terminates at 
xc. in Three Clusters. Free. Natl. Acad, Scti., USA 79, 6171-6175. 
R 


139. scbipuila, (C. ang Wu, Rk. (1983) Nenallelic Members of the Cytochrome c 
Multigene Fanily of the Rat Nay Arise Through Different Messenger RNAs. 
Cell 32, 473-4682 

143. Cue, L.H., Yeng, R.C.A. and Wu, R. (19683) An Improved Strategy for Rapid 
Direct Sequencing of Both Strands of Long DA Molecules Clones ina 
Plasmid. Nucleic Acids Res. 11, $521-5540. 


DNA Consists cf Eight Tancem Repeats cf 66 Base Pairs. Gene 25, 59-66. 

128. Limbach, K.J. and Wu, R. (1963) Tselation and Characterization -cr Two 
Alleles cf the Chicken Cytochrome ¢ Gene. Nucleic Acids Res. il, 
€931-8950. 

150, Lau, L.F., Roberts, J.W., Wu, R., Georges, F. and Narang, S.A. (1984) A -~ 
Potential Stem=-Lcop Structure and che Sequence CAAUCAA in the Transcript 
are insufficient to Signal o-dependene Transcription Termination at 
MtcRL. Nucleic Acids Res. 12, 1287-1299. 

153. Cuoco, L.H., Stepien, F.P., Tso, J.¥., Brousseau, R., Narang, S., Thomas, 
D.Y. and bu, R. (1986) Synthesis of Human Insulin Cene Vill. Genetruc@ 
scion of Expressicn Vecters for Fused Preinsulin Production in Escherichia 

coli. Cene 29, 251-254. | 





1£4,. Keo, T.H., Meen, E. and Wu, R. (1984) Cytochrome Oxidase Subunie ILI Cene 
of Rice hes an Insertion Sequence Within the Intren. Nucleic Acids Res. 
12, 7305-7315. 


; 

159, Wu, K., Ku, N.H., Zahre, H., Georges, F. and Narang, S. (1984) Purifica- 
tion and Secvence Analysis of Svathetiec Oligedecxyribenuclectides. In 
"Oligonucleotide Synthesis, A Practical Approach” (Cait, M.J., ed.). 

IRL Press, Oxford, pp. 135-151. ) 

162. Linbach,. K.J. and Wu, R. (1985) Characterization of a Meuse Somatic 
Cytechreme c Cene and Three Cytochrome ¢ Pseudegenes. Nucleic Acids 
Res. 13, 617-€30. 

163. Limbach, K.J. and Wu, R. (1985) Characterization of Two Drosophila 
melanogester Cytochrome c Genes and Their Trenscripts. Nucleic Acids . 
Res. 13, 631-644, 

164, Tso, J.Y., Sun, X.H., Kao, T.H., Reece, K.S. and Wu, R. (19&S) Isolation 
and Characterization of Rat and Ruman Glyceraldehyde-3-Phesphate Dehydro= 
genase cDNAs: Cenomic Complexity and Molecular Evolution of the Cene. 

Kucleie Acids Res. 13, 2685-25802, 

168. Moon, E., Kee, T.H. and Wu, R. (1985) Pea Cytochrone Oxicase Subunit It 
Cene has No Intron and Generates Two mRNA Transcripts with Different 
S'ecermini. Nucleic Acids Res. 13, 3195-3212. 
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Curnculum Vitae 


Theodore M. Klein, Postdoctoral Associate 
Deparment of Horicultural Sciences 
Hedrick Hall 
Geneva, NY 14456 


Date of birth: March 11, 1954 
Educanon: 


" McGill University, B.S., Botany, 1976. 


The University of Connecticut, M.S., Plant Science (Microbiology minor) 1982. 
Comeli University, Ph. D., Agronomy (Microbiology minor), 1985. 
Publications: 


Klein, T. M. endJ. S. Koths. 1980. Urease, protease, and acid phosphatase in 
soil continuously cropped te corn by conventonal or no-tllage methods. | 
Soil Biol. Biochem. 12:293-294. © 


Klein, T. M., J. P. Kreitinger, and M. Alexander. 1983. Nitrate formation in acid 
forest soils from the Adirondacks. Soil Sci. Soc. Am. J. 47:506-508. 


Klein, T. M.. N. J. Novick, J. P. Kreitinger, and M. Alexander. 1984. 
Simultzneous inhibition of carbon and nitrogen minerelzaton in @ forest soil by . 
simulated acid precipitation. Bull. Environ. Contamination Toxicol. 32:698-703. 


Novick, N. J, T. M. Klein, and M. Alexancer. 1984, Effect of simulated acid 


rain on nitrogen mineralization and nimficaton in forest soils. Warer, Air and Soil 
Pollut. 23:317-330. 


Klein, T. M. andM. Alexander. 1985. Effect of the quantity and duration of 
application of simulated acid precipitauon on nitrogen mineralization and nitificanon 


ine forest soil. Warer, Air and Soil Pollut. In press. 


Kreitinger, J. P., T. M. Klein, N. J. Novick, and M. Alexander. 1985. 
Nitsfication and characteristics of nitrifying microorganisms in an acid forest soil. 
Soil Sci. Soc. Am. J. 49:1407-1410. 


Klein, T. M. end M. Alexander. 1986, Bacterial inhibitors in lake water. Applied 
Environ. Microbiol. Accepted for publication. 


Stoo, H. F., T. M. Klein, and M. Alexander. 1986. Heterotrophic nivification in - 
m, acid forest soil and isolation of 2 fungus capable of nitite production uncer acidic 
conditions. Soil Sci. Soe. Am. J. Submined for publicauon. 


Klein, T. M.. J. C. Sanford, and E D. Wolf. 1986. The use of high-velocity 
microprojectiles for the delivery of forcign substances into living cells. Science 
Submitted for publication. | | 
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